This paper contributes to the understating of tornadoes in South Africa using case study analysis. In South Africa tornadoes are the recurring phenomenon (the climatology) but they have received less attention. Damages from storms itself (tornadoes inclusive) are significant in South Africa relative to other weather-related disasters for example floods, heat waves, and droughts. Case study approach was adopted in the current study. Data were in courtesy of the following, National Oceanic and Administration (NOOA), National Centers for Environmental Protections (NCEP), Eumetsat Germany, and South African Weather Service. The aim of the study was to provide an overview of the occurrence of tornadoes in South Africa using a case study. From the case study analysis, the tornado at Klerksdorp on March 4, 2007, was associated with the cold front and cut-off low (both are extratropical circulation) which were the dominant weather systems of the day. Case study approach may be the best way to study events of these nature for a more informed decision, for example, issuing an early warning system. In future, case studies, for example, involving interaction between extratropical and tropical circulation will also be an interesting study.
Introduction
Tornadoes are rapidly rotating column of air that make contact with the ground (Bluestein, 2013) . Recently, the American Meteorological Society (AMS) updated the definition of Tornadoes 1 meaning that still there is more development regarding understating of tornadoes and that lead to the amendment of its taxonomy (Agee, 2014) . The global perception of tornadoes events is that it occurs around (20-60) degree latitude in the southern and northern hemisphere (Figure 1) . To further indicate the potentials for understanding the dynamics of tornadoes, a recent study (ASU, n.d.) highlighted the word records for tornado characteristics ( Table 1) , much of damages happening in the northern hemisphere.
Principally, there are several ingredients for tornadoes including a deep layer of mid-atmospheric dry air above the moist surface, steep moisture and temperature gradient, high surface temperatures and vertical wind shear & atmospheric instability (Dean & Schneider, n.d.) . The first thing you need to produce a tornado is a thunderstorm. With thunderstorm, you need a mass of unstable air (warm air mass below the cold air mass), the external force which mixes the air causing updraft and moisture. In the process of thunderstorm development, there is upward and sinking motions which causes lighting and thundery activities. In that process, thunderstorms are classified in to 4 types including Single cell, multicell cluster, multicell line and supercell storm. The multicell line is stronger than the first two in that series and can lead to hail as well as small tornadoes. The most violent is the supercell which is most likely to produce tornados. Several parameters can be used to measure thunderstorm development including convective available potential energy (CAPE), wind shear, above normal in surface and dew point temperatures (Simpson & Dyson, 2018) .
In South Africa, tornadoes are the recurring phenomena (Blamey, Middleton, Lennard, & Reason, 2017; Fauchereau, Trzaska, Rouault, & Richard, 2003; Goliger & Milford, 1998; Kantamaneni, Alrashed, & Phillips, 2017) with an average of three tornadoes per year (Goliger & Milford, 1998) . Mostly, tornadoes occur over eastern South Africa and they have a potential to severe damages and even loss of lives (Reason, 2017) . The available history (Dotzek, Grieser, & Brooks, 2003) indicates that most of the tornadoes range from light to severe on the Fujita scale (F Scale) (Bluestein, 2013; NOAA, n.d.) . This conclusion of tornadoes climatology in South Africa (Figure 2) was made by investigating tornadoes that had happened from 1905 to 2002.
It is estimated that the damages from storms (i.e. cut-off low, fronts, tropical cyclones, and tornadoes) amount to 800 million USD for a period of 1990 to 2014 (DEA, 2016) leave apart those related to floods, wild fires, and drought.
The study which investigated tornadoes in South Africa (Grobler, n.d.) argue that tornadoes are given less attention by media because of the localities (rural areas) but also nature of the loss (mainly crops and occasionally buildings). Therefore the use of a case study can amplify the perception but also prompt more scientific discussions aiming to increase awareness and even a better understanding of tornadoes impacts.
Tornadoes are associated with thunderstorm and lightning (Blamey et al., 2017) . For example a study contributions of (Gijben, 2012) which updated the climatology of lighting in South Africa. The study demonstrated that much of lighting occurs over the interior to the northern interior of South Africa. The same study categorized the risk involved as extreme. (Gijben, 2012) also reported that South African Weather Service (SAWS) prior 2006 was unable to measure lighting activities over South Africa. This general conclusion can justify that level of awareness of synergies between weather systems. The same was observed by (Dyson & Van Heerden, 2002) who went for the development of a model for identification of weather systems over South Africa. In the process of development, somebody would wonder why work of (Gijben, 2012) could not recognize some previous studies (Goliger & Milford, 1998) which produced a map indicating areas of high chances of tornadoes, which are directly associated with lighting and thunderstorms.
In its annual report 2016/2017 (SAWS, 2017) under public weather forecasting, for example, the years 2016 the South African Weather service issued a media release following the Tembisa tornado which occurred on the 27 th July 2016 which left damages to Phumulani mall and a tertiary hospital in Tembisa. Sympathetic with the effects associated with tornadoes the SAWS is intending to use the lighting detection network (LDN) in conjunction with tornadoes to develop a nowcasting tool. (Goliger & Milford, 1998 as cited from Fujita, 1973 In South Africa, most tornadoes typically occur in the late afternoon or early evening (South African Weather Service, n.d.) (Goliger & Milford, 1998; Goliger & Retief, 2007) and timing on the occurrences (B) in South Africa (South African Weather Service, n.d.)
The global occurrence of tornadoes
The aim of the study was to provide an overview of the occurrence of tornadoes in South Africa using a case study. The choice of the case study was due to data availability and hands on practises during a professional course on weather forecasting. Specifically, the study wanted to answer the following questions (1) What is the properties of tornadic events in South Africa in terms of their impacts with reference to Klerksdorp tornado which occurred on March 4, 2007, and (2) How was it linked to other weather systems.
Data and Methods
Meteosat Second Generation (MSG) satellite data were ordered from Eumetsat German, and processed using Software for the Utilization of Meteosat Outlook (SUMO) activities (Simpson & Dyson, 2018) , for getting water vapor image (WV6.2 µm), the convective red, green and blue (RGB) and natural day color imagery (NIR1.6, VIS0.8 and VIS0.6). The use of MSG has demonstrated their potential to study thunderstorms activities (Reason, 2017) 
Results
In this section, we present two kinds of results for a better understanding of the event. First, results for upper air observation which includes processed satellite images (Meteosat Second Generation), radar images and National Centers for Environmental Predictions (NCEP) reanalysis for both B A geopotential heights, vertical motions (omega) and convective available potential energy (CAPE) reanalysis. Second, we present data for surface analysis and surface analysis and observations. The findings dduring the day of the event indicate there was a cut-off low (at both 500 hPa) ( Figure  4A) . and to the east of the trough, there was an upward motion (omega) (Figure 4B) which is also an important feature in the formation of thunderstorm activities. The area of low geopotential height is also are matching Figure 3B The link or extension of the CAPE values from the equator to the south is more pronounced than in the north, which can be explained by the interaction between extratropical and tropical weather systems (Dyson & Van Heerden, 2002) . These annual variations of CAPE were also demonstrated in the study of (Blamey et al., 2017) on the climatology of potential severe convective environment in South Africa. The surface dew point temperature analysis and air temperature analysis indicates a dry and cold condition in the west while towards the area of interest (marked star) it was warm and moist which are the good ingredients for thunderstorms development. 
Upper air Observations

Surface Analysis and Observations
Discussion
This section describes the results of Klerksdorp Tornado. The findings at least hints that, at the time of event there almost two weather systems dominating over the region which include the cut-off low and the cold front. This is an important observation that one would start thinking of. Another important finding was the presence of convective activities and ingredients (CAPE, vertical velocity east of the through (Figure 4B & 5) for the formation of a tornado.
Water vapor channel or sometime the upper-level tropospheric water vapour band (6.2 µm) is normally used to track upper tropospheric winds, identifying jet streams, forecasting mid-latitudes storms, monitoring severe weather potentials and estimating upper/mid-level moisture (i.e. vertical moisture profile) (Santurette & Georgiev, n.d.) . From figure 3B . Over the west, it was dry (right from the surface (Figure 7A ) to the upper atmosphere) and toward the north and to the east there was enough moisture. Which is a good ingredient of the storms? The upper air observation (figure 7B) also indicate for example strong winds which can also be deduced from the water vapour channel. The demarcation of activities can also be sported in figure 3A, and the convective RGB (figure 3C) . This is also supported by the updraft as can be depicted from the echo region in the radar imagery ( Figure  3D) .
From the Upper are sounding station (Pretoria Irene, 1200Z) ( Figure 8B) the following indices were convective available potential energy (CAPE) was 142 J/ Kg which is marginally Unstable. If study by is adopted who used the logarithmic relationship (equation 1 below) between CAPE and shear for discriminating non and severe thunderstorm activities, based on CAPE the tornado event can be classified as the severe one. …….Equation (1) Where S6 = 0-6 km shear (in m/s) and above that the phenomena is likely to be associated with severe thunderstorms. That is, from the CAPE Index above, substituting CAPE from the sounding (142 J/Kg) we end up getting S6 = 37.67 m/s which according to is a severe tornado.
Mostly, South Africa weather is dominated by extratropical weather systems (i.e. cut-off lows, fronts, and ridging Atlantic high) and in the late summer an invasion of convective tropical weather systems (Dyson & Van Heerden, 2002) . The connection form the tropics, for example, is well portrayed from the NCEP reanalysis data set for CAPE (timing from December 2000 to date, Figure 6 ) which indicates series of connection from the tropics to South Africa (more than 22°S latitude) but also as compared to some other previous studies (Blamey et al., 2017) . Extracting the event (4 March 2007) as described in Figure 5 , the results demonstrate the tornado was more associated with the frontal system and the cut-off low which were the persisting weather.
Understanding the principles and ingredients for the formation of tornadoes (i.e. enough moisture, instability, and the external force pushing the warm and moist air) but also a trend of tornadoes formation in the area (Goliger & Retief, 2007) is one tool that can discriminate the link between the tropical and extratropical circulations. Although studies already hypothesized and tested the argument that the synergies between extratropical systems and tropical systems (for example the tropical temperate trough (TTT)) and are mothering a severe weather system likes tornado (Reason, 2017) . (Reason, 2017) indicated that the TTT can lead to a formation of deep mesoscale convective complexes.
Principally, a cold front is associates with a decrease in temperatures, increasing with speeds and showers of rain. Additionally in the southern hemisphere wind are south westerly behind the cold front and north westerly ahead of the cold front which is demonstrated on synoptic weather charts (Figure 8A) . The same can be depicted from Figure 9 & 10 which indicates changes in wind direction from southerly (S) component to north westerly (NW) component but also changes in pressure (increase) therefore the findings support the notion that it was a passage of a cold front over the station. Since most of the cold fronts are associated with thunderstorms, one can argue that the tornado over Klerksdorp on the 4 th of March 2007 was the effects from the cold front.
Long term analysis of CAPE and deep-layer shear indicates that severe storms development over South Africa is during early summer (Reason, 2017) . The study further highlights that late summer the circulation becomes more of tropical nature. From our case study and the facts from the analysis the remaining question that needs to be answered is that what is the nature of the destruction of tornadoes associated with extratropical and the one associated with tropical weather systems nature over south Africa.
Conclusion
The use of case study provide an overview of understanding tornadoes dynamics in south africa and there is no doubt that tornadoes seem to be a recurring phenomenon in south africa (i.e. is the part that makes South Africa climatology). Our findings suggest that the case of Klerksdorp was a Tornado linked with the prevailing frontal system and the cut-off low. This is also well linked with the world climatology of tornadoes (mainly at 20°-60° latitude both in the southern and northern hemispheres)
although have been sparsely reported in other areas of the world. For future study, the fox can work to find out the recurrence nature of tornadoes over the northern province specifically the TTT, cold fronts, and orography nexus. Thanks that the South African Weather service has installed lightning detection systems which along with real time data such as observation, satellite, radar, and numerical modelling (forecasting) all together can assist tracking development and movement of severe thunderstorms which are responsible for tornadoes. These will provide a substantial impact on short term (now-casting) and long term (for example modelling) forecasts. The future consideration may be development or reviewing the building codes over the areas most affected by the tornadoes.
